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Our previous work has shown that PSD-95/SAP90 Is required 
for NMDA receptor-mediated thernnal hyperalgesia. To ad- 
dress the role of PSD-95/SAP90 In chronic pain, the present 
study Investigated the effect of the deficiency of PSD-9S/SAP90 
on nerve Injury-induced neuropathic pain. Following unilateral 
IS spinal nerve injury, mechanical and thermal hyperalgesia 
developed within 3 days and persisted for 9 days or longer on 
the injured side. The intrathecal administration of antisense 



ollgodcoxynucleoUde specifically against PSD-95/SAP90, but 
not sense or mtssense ollgodeoxynucleotide, dose-dependently 
delayed the onset of tactile allodynia and thermal hyperalgesia. 
These results suggest that PSD-95/SAP90 might be involved in 
the central mechanisms of the development of chronic neuro- 
pathic pain. NeuroRepon 12:3251-3255 © 2001 Upplncott 
Wllilams & Wllidns. 
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INTRODUCTION 

Chronic neuropathic pain is a physicflUy and emotionally 
debilitating condition for which tliere is no adequate 
treatment We have known that peripheral nerve lesions 
may generate a syndrome comprising, in addition to spon- 
taneous pain, exaggerated responses to light touch (tactile 
allodynia) and heat stimuli (thermal hyperalgesia). How- 
ever, the molecular mecl^anisms underlying these patho- 
physiological processes are unclear. 

The NMDA receptor system has been implicated in the 
processing of spinal nociceptive information [1-6]. PSD- 
95/SAP90, a molecular scaffolding protein, has been identi- 
fied to attach NMDA receptors lo internal signaling mole- 
cules at neuronal synapses 17^]. Therefore, PSD-95/SAP90 
protein might be involved in many physiological and 
pathophysiological actions triggered via the activation of 
NMDA receptors in the CNS. This hypothesis has been 
supported by some data. For instance, suppression of PSD- 
95/SAP90 expression protected neurons against excitotoxl- 
city produced by NMDA receptor activation [9]; enhanced 
NMDA-dependent long-term potentiation and impaired 
learning were observed in mice with mutant PSD-95/ 
SAP90 protein [10], Our previous work showed that PSD- 
95/SAP90 mRNA and protein were enriched in spinal cord 
and selectively distributed in the superficial dorsal horn, 
where PSD-95/SAP90 overlapped with NMDA receptors 
111], In addition, we found that PSD-95/SAP90 was 
required for NMDA receptor-mediated thermal hyperalge- 
sia [11] and mediated the role of the NMDA receptor in 
determining the minimum alveolar anesthetic concentra- 
tion of inhalationai anesthetics [12]. However, the role of 



PSD-95 /SAP90 in chronic persistent pain renrwins to be 
elucidated. In the present study, we investigated the effect 
of PSD-95/SAP90 deficiency on neuropathic pain after 
spinal nerve injury by using behavioral testing combined 
with antisense technology. 

MATERIALS AND METHODS 

Anivial preparation: Male Sprague-Dnwley rats (250- 
300 g) were housed in separate cages on a standard lZ-12h 
light:dark cycle, with water and food peliete available ad 
Ub. All animal experiments were carried out with the 
approval of the Animal Cai-e Committee at Joluis Hopkins 
University and were consistent with the National Institutes 
of Healtli Guide for the Cai^ and Use of Laboratory 
Animals. All efforts were made to minimize animal suffer- 
ing and to reduce the number of animals used. 

Tlie mts were implanted with an intrathecal catheter 
under halothane anesthesia. A polyethylene-10 catheter 
was inserted into the subaracbmoid space at the rt>stral 
level of the bpinal cord lumbar enlargement tlirough an 
indsion at the a tlan to-occipital membrane according to the 
method described previously [13], The arumals were 
allowed to recover for a week before being used experi- 
mentally. -Rats showing neurological deficits postopera- 
tively were discarded from the study. 

Experimental animal model for peripheral neuropathic 
pain: Peripheral neuropathic pain was induced as de- 
scribed previously [14] with minor modification. In brief, 
rats were aneslheti2ed with halottiane. The unilateral L6 
transverse process was carefully removed to identify 
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visualiy the L4 and L5 spinal nerves. The unilaleral L5 
spinal nerve was isolated, tighdy Ugated with a 3-0 silk 
thready and transected just distal to the ligature. A com- 
plete hemostasis was confirmed and the wound was 
sutured. 

hitrathccaX antisense oligodeoxyitucleotide (ODN) admin- 
istration: Antisense ODN was designed based on rat 
PSD-95/SAP90 niRNA and corresponded to tlie PSD-95/ 
DLG/ZO-1 (PD2) domain (nucleotides 241-258) of this 
mRNA [11,12]. Controls for the effect of antisense ODN 
included sense and missense (random ODN) ODNs. Se- 
quences for the ODNs were as follows: antisense, 5'- 
TGTGATCTCCTCATACTC-3'; sense, 5'-GAGTATGAGGA 
GATCACA-3'; missense, S'-AAGCCCTTGrrCCCATrT 
-3' [11,12]. All of the ODNs were searched to exclude 
nonspedfidty of the sense or antisense ODNs and to show 
that missense ODN did not match any confounding 
sequences in the GenBank database (GenBank accession 
number: M96853). The ODNs were made and purified with 
the use of RP-HPLC (Integrated DNA Technologies, Inc., 
Coralville, lA). The ODNs were reconstituted in saline 
before administration. The rats were injected intrathecally 
with saline (10 pi), antisense ODN (12.5 ng, 25 ng or 50jig/ 
10^), sense ODN (50ng/10^1) and missense ODN (50 ng/ 
10 jjl), respectively, followed by an injection of 10 ^1 saline 
to flush the catheter, every 24 h for 4 days (from the day 
before L5 spinal nerve ligation imtO day 2 post-operation). 

Behavioral testing: After surgery, the rats were returned 
to the animal room and maintained under the same 
conditions as the preoperative period. A set of tests 
described below was conducted in ail experimental ani- 
mals 2 days prior to the surgery as baseline and on post- 
operative days 3, 5, 7 and 9. 

Hindpazv tvithdrawal response to repeated mechanical 
stimuli: Mechanical stimuH were applied with two differ- 
ent calibrated von Frey filaments (8.01 mN and 120.21 mN). 
A single trial of stimuli consisted of eight applications of a 
von Prey filament within a 2-3 s period. Each trial was 
repeated 10 times at 3 min intervals on each hindpaw. The 
occurrence of hindpaw withdrawal in ead\ of these 10 
trials was expressed as a percent response frequency, and 
this percentage was used as an indication of the amount of 
hindpaw withdrawal. 

Hindpato withdrawal latency to noxious heat stimuli 
fl5,16J; The rat was placed in a Piexiglas chamber on a 
glass plate under which a light box was located. A radiant 
heat stimulus was applied by aiming a beam of light 
through a hole in the light box to the heel of each liindpaw 
through the glass plate. The light beam was turned off 
when the rat lifted the foot, allowing tiie measurement of 
time between start of the light beam and the foot lift. This 
time was defined as the hindpaw withdrawal latency* Each 
trial was repeated five times at 5 min intervals for each 
side. A cut-off time of 20 s was used to avoid tissue 
damage to the hindpaw. 

Statistical analysis: Data were expressed as mean± 
s.e.m. and statistically analysed with one-way and two- 



3 25 2 Vol 12 h4o t5 29 October 200t 



F.TAO 



way ANOVA followed by Student-Nev;nnan-Keul's ; 
od. Statistical significance was set at p < 0.05. 

RESULTS 

PSD'95iSAP90 and mechanical pain kypersensitivitt 
tl-ds study, we employed two kinds of von Frey filar 
to address the effect of PSD-95/SAP90 on mechanical 
hypersensitivity in the neuropathic pain model, 
was innocuous (8.01 mN), and another was no 
(120.21 mN). In the saline group (n = 8), following u 
eral L5 spinal nerve injury, mechanical pain hypersen 
ity developed within 3 days and persisted for 9 da 
longer in tiie ipsilateral hindpaw upon stimulation by 
of tlie von Frey filaments. Mean paw vwthdrawal resp( 
to these mechaiucal stimuli displayed a sigruficant inc 
on days 3, 5, 7 and 9 post-operation compared 
baseline (p<0.05; Fig. 1). However, following the intr 
cal administration of the antisense ODN (50 ng/ 
71 =s8), the pain hypersensitivity did not appear until ( 
post-operation (Fig. 1). Two-way ANOVA showed a s 
tically significant difference between the antiser\se g 
and saline group (p<0.05). On post-operative day ^ 
antiser\se group showed mechanical hyperalgesia si 
to the saline group. However, sense (50fig/10nl; ) 
and missense (SOng/lOpl; » = 6) ODNs had no effe 
the development of mechanical pain hypersensi 
(p> 0.05; Fig. 1). 

PSD'95fSAP90 and thermal hyperalgesia: The ro 
PSD-95/SAP90 in the development of tiiermal hyperai 
was also investigated in the neuropathic pain model. 1 
saline group (n = 8), we observed that thermal hypei 
sia also developed within 3 days and persisted for 9 
or longer in the ipsilateral hindpaw foUowing uniiater 
spinal nerve injury. Paw wididrawal latencies to 
stimuli exhibited a sigruficant decrease on post-opei 
days 3, 5, 7 and 9 compared with baseline (p <0.05; Ft 
The antisense ODN (SOjig/lOpl; n = 8) also delayec 
onset of thermal hyperalgesia, which did not appear 
day 7 post-operation following the application o: 
antisense ODN (Fig. 2). On post-operative day 9 
antisense group also showed thermal hyperalgesia si 
to the saline group. Meanwhile, sense (50 ^g/ 10^1; i 
and missense (50n,g/10|J; n = 6) ODNs had ho effe 
the development of the thermal hyperalgesia (p> 
Fig. 2). 

Dose-response of the antisense ODN specifically ag 
PSD-95/SAP90: We tested three doses of this anti. 
ODN (12.5 ng, 25 m€ and 50 M§) and foxmd ti\at the efft 
this antisense ODN on hyperalgesia in this model was 
dependent. The intrathecal administration of 50 ng 
sense ODN (n = 8) delayed the development of hypei 
sia until day 7 post-operation (Fig. 1, Fig. Z, Fi^ 
whereas 25 pg antisense ODN («=6) only delayec 
development of the hyperalgesia until day 5 post-oper 
(Fig. 3). In addition, we observed no effect of i; 
antisense ODN (n = 5) on the development of s 
hyperalgesia (Fig. 3). No sigruficant difference ex 
between the saline group and 12.5 ^ig antisense group. 
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Fig. 2. Percent decrease of paw withdrawal latencies (APWLs) to heat 
stimuli from baseline (Baseline was set as 0%). Values are mean±s.e.m. 
Note that the Intrathecal application of the antisense ODN specifically 
against PSD.95/SAP90 can delay the onset of the thermal hyperalgesia In 
the neuropathic pain model, while sense and missense ODNs had no 
effect on this thermal hyperalgesia. 



DISCUSSION 

Causalgia, a paiiifiii syndrome, is characterized by sponta- 
neous burning pain combined with tactile allodynin and 
diermal hyperalgesia [17]. Although the disease has been 
known over a century, we have little knowledge about its 
pathogenesis, especially its molecular mechanisms. In the 
present study, we employed a neuropathic pain model via 
tight ligation and transection just distal to the ligature of 
the L5 spinal nerve to address tlus issue. This model 
manifests tlie symptoms of human patients with causalgia 
and can be used to answer questions regarding mechan- 
isms underlying this syndrome. 

In the past several years, progress in the development of 
molecular biology and the elucidation of gene sequences 



has created new approaches for studying biological func- 
tions and developing new diagnostic and therapeutic 
strategies. One of the most exciting advances has been the 
development of antisense tecl-moiogy, which represents a 
new strategy allowing modulation of protein synthesis 
with high specificity by preventing protein expi^ession at 
the level of RNA or DNA. Many classical pharmacological 
approaches in neurobiological research are based on Uie 
inhibition of biologically active proteins, such as receptors 
for neurotransmitters, or enzymes involved in neurotrans- 
mitter synthesis or degradation. The application of and- 
sense ODNs offers an alternative tool to manipulate 
selectively the expression of these active proteins in the 
central nervous system. Tills approach is especially useful 
when selective, high-affinity antagonists are not available. 
As a result, this technology has gained acceptance in the 
study of cell signaling mechanisms and the molecular basis 
of neuronal function [1B,19]. In this study, using antisense 
ODM specifically against PSD-95/SAP90, we Investigated 
the role of P5D-95/SAP90 in the development of dironic 
neuropatiuc pain. Our previous work has shown that the 
antisense ODN suppressed PSD-95/SAP90 expression in 
spinal cord, but it did not change the expression of NMD A 
receptor subunit NR2A/2B, neuronal nitric oxide synthase 
(nNOS) or SAP102 in spinal cord [11]. These results sug- 
gest that the antisense ODN we used is effective and 
specUlc, Our previous work also showed that the antisense 
ODN did not produce marked changes in either blood 
pressure or heart rate and did not influence the locomotor 
activity of experimental animals fl2]. n-jerefore, the anti- 
sense ODN we designed can be safely vised as a tool in 
vivo. 

Consistent with a previous report, the present study 
showed that unilateral L5 spinal nerve injury Induced the 
development of mechanical pain hypersensitivity and ther- 
mal hyperalgesia in the ipsJInteral hindpaw within 3 days^ 
and the spinal hyperalgesia persisted for 9 days or longer! 
Furthermore, we revealed for the first time that the PSD- 
95/SAP90 antisense ODN dose-dependently delayed the 
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Pie 3 Dose-response of the antisense ODN speclflcalty agafnst P 
95^AP90. (a) Paw withdrawal responses (PWRs) to mechanical scu 
with the innocuous (8.01 mN) von Frey filament; (b) PWRs to mech«r 
stimuli with Che noxious (120.11 mN) von Frey filament; (c) Perccn 
decrease of paw withdrawal latencies <APWU) to heat stlmuH 1 
baseBne. Values arc mean :i: s.e.m. Note that the effect of the nntlS' 
ODN on spinal hyperalgesia In the neuropathic pain model was a 
dependent. 



onset of the mechanical and thermal hyperalgesia m die 
chronic neuropathic pain model. Our findings suggest that 
PSD-95/SAP90 is involved In the pathophysiological me- 
chanism of neuropathic paii^ and is necessary for the 
development of the hyperalgesia induced by peripheral 

nerve injury. ^ * 

Several Hnes of evidence Indicate khat NMDA receptors 
play an important role in the pathogenesis of neuropathic 
pain following spinal nerve injury [20-24]. NMDA recep- 
tors are anchored in the postsynaptic density by inter- 
actions between the cytoplasmic C-terminal taib of their 
NR2 subunits and the PD2 domains of PSD-95/SAP90. 
The PDZ domains of PSD-95/SAP90 also bind to other 
postsynaptic membrane proteii^, including potassium 
channels, tyrosine kinases and cell adhesion molecules. 
PSD-95/SAP90 functions as a scaffold to assemble a 
speciHc set of signaling proteins around the NMDA recep- 
tor. These proteins, such as nNOS. SynGAP and SPAR, 
may participate in downstream signaling by NMDA recep- 
tors [25]. Combined with the present work, we conclude 
that PSD-95/SAP90 may mediate the functions of NMDA 
receptors in chronic neuropathic pain. Although the de- 
taUed mechanism through which the deficiency of P5D-95/ 
SAP90 affects peripheral nerve injury-induced spinal cen- 
tral sensitization remains obscure, the present study pro- 
vides a novel ir\sight into the mechanisms that underUe the 
chronic neuropathic pain state and a novel target for 
development of new pain therapies. 



CONCLUSION 

Unilateral L5 spmal nerve ligation produces persistent . 
long-term mechanical and thermal hyperalgesia on 
ii\iurcd side. We found for tt\e first time that the defjcic 
of PSD-95/SAP90 delayed the onset of mechanical 
thermal hyperalgesia in the chronic neuropathic | 
model. Our results suggest that PSD-95/SAP90 might \ 
a key role in the mechanism of central sensitize tioi 
chronic neuropatliic pain. 
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